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METHOD FOR FABRICATING LCD 

This application claims the bene?t of Korean Patent 
Application Nos. P2002-9096 ?led on Feb. 20, 2002, and 
P2002-10170 ?led on Feb. 26, 2002, Which are hereby 
incorporated by reference for all purposes as if fully set forth 
herein. 

This application incorporates by reference tWo co-pend 
ing applications, Ser. No. 10/184,096, ?led on Jun. 28, 2002, 
entitled “SYSTEM AND METHOD FOR MANUFACTUR 
ING LIQUID CRYSTAL DISPLAY DEVICES” and Ser. 
No. 10/184,088, ?led on Jun. 28, 2002, entitled “SYSTEM 
FOR FABRICATING LIQUID CRYSTAL DISPLAY AND 
METHOD OF FABRICATING LIQUID CRYSTAL DIS 
PLAY USING THE SAME”, as if fully set forth herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a liquid crystal display, 

and more particularly, to a method for fabricating an LCD 
having a liquid crystal dropping method applied thereto. 

2. Discussion of the Related Art 
In general, recent developments in the information com 

munication ?eld have increased demand for various types of 
display devices. In response to this demand, various ?at 
panel displays such as liquid crystal display (LCD), plasma 
display panel (PDP), electro luminescent display (ELD), and 
vacuum ?uorescent display (VFD) have been developed, 
some of Which have been employed as displays in various 
products. 

The LCDs have been used most Widely as mobile displays 
While the LCD replaces the CRT (Cathode Ray Tube) 
because of features and advantages including excellent 
picture quality, light Weight, thin pro?le, and loW poWer 
consumption. In addition to the mobile type LCDs, such as 
a display for notebook computer, LCDs have been devel 
oped for computer monitors and televisions to receive and 
display broadcasting signals. 

Despite various technical developments in the LCD tech 
nology With applications in different ?elds, research in 
enhancing the picture quality of the LCD as a display has 
been in some respects lacking as compared to the features 
and advantages of the LCD. Therefore, to use the LCD in 
various ?elds as a general display, the key to developing the 
LCD lies on Whether the LCD can implement a high quality 
picture, such as high resolution, high luminance, and large 
siZed screen While still maintaining light Weight, thin pro?le, 
and loW poWer consumption. 

The LCD is provided With a liquid crystal panel for 
displaying a picture, and a driving part for providing a 
driving signal to the liquid crystal panel. The liquid crystal 
panel has ?rst and second glass substrates bonded together 
With a gap betWeen the substrates. A liquid crystal layer is 
formed by injecting liquid crystal betWeen the ?rst and 
second glass substrates. 
On the ?rst glass substrate (a TFT array substrate, for 

example), there are a plurality of gate lines arranged in a ?rst 
direction at ?xed intervals, a plurality of data lines arranged 
in a second direction perpendicular to the gate lines at ?xed 
intervals, a plurality of pixel electrodes in respective pixel 
regions de?ned by the gate lines and the data lines in a 
matrix, and a plurality of thin ?lm transistors sWitchable in 
response to a signal from the gate lines for transmission of 
a signal from the data line to the pixel electrodes. 

The second glass substrate (a color ?lter substrate) has a 
black matrix layer for shielding light from areas excluding 
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the pixel regions, red (R), green (G), blue (B) color ?lter 
layers, and a common electrode for implementing a picture. 
The foregoing ?rst and second substrates have a gap 

betWeen them Which is maintained by spacers, and bonded 
by a sealant. The seal has a liquid crystal injection inlet 
through Which liquid crystal is injected after the tWo sub 
strates are bonded and sealed. 

After the individual liquid crystal panels are cut, the space 
betWeen the tWo bonded substrates of each LCD panel is 
evacuated and the liquid crystal injection inlet is dipped in 
a liquid crystal bath, so that the liquid crystal is injected into 
the space by a capillary tube phenomenon. Once the liquid 
crystal is injected into the space betWeen the tWo substrates 
the liquid crystal injection inlet is sealed by a sealant. 

HoWever, the related art method for fabricating an LCD 
having liquid crystal injected therein has the folloWing 
problems. First, the related art method has poor productivity 
because the dipping of the liquid crystal in a liquid crystal 
bath While the space betWeen the tWo substrates are main 
tained at a vacuum and the unit panels are cut into individual 
pieces for injection of the liquid crystal takes much time. 
Second, the liquid crystal injection, for a large LCD in 
particular, may cause imperfect ?lling of the liquid crystal in 
the panel, Which may result in a defective panel. Third, the 
complicated and lengthy fabrication process requires the use 
of many liquid crystal injection devices, Which occupies a 
large portion of space. 

Accordingly, a method for fabricating an LCD by using a 
liquid crystal dropping method has been under research 
recently. Japanese Patent Application Nos. H11-089612, and 
H11-172903, and Japanese Laid-Open Patent Publication 
No. 2000-147528 disclose the folloWing liquid crystal drop 
ping method. 
A related art method for fabricating an LCD having the 

foregoing liquid crystal dropping method applied thereto 
Will be explained. FIGS. lAilF illustrate steps of a related 
art method for fabricating an LCD. 

Referring to FIG. 1A, UV seal 1 is coated on a ?rst glass 
substrate 3 having a thin ?lm transistor array formed thereon 
to a thickness of approximately 30 um, and liquid crystal 2 
is dropped on an interior of the seal 1 Which is the thin ?lm 
transistor array part. No liquid crystal injection opening is 
provided in the seal 3. 

The ?rst glass substrate 3 is mounted on a table 4 in a 
vacuum container ‘C’ Which is movable in a horiZontal 
direction, and held by a plurality of ?rst vacuum holes 5 on 
the entire bottom surface of the ?rst glass substrate 3. 

Referring to FIG. 1B, the bottom surface of the second 
glass substrate 6 having a color ?lter array formed thereon 
is held by vacuum using a second plurality of vacuum holes 
7. The vacuum container ‘C’ is closed and evacuated. The 
second glass substrate 7 is moved doWnWard in a vertical 
direction until a gap betWeen the ?rst glass substrate 3 and 
second glass substrate 6 is 1 mm. The table 4 supporting the 
?rst glass substrate 3 thereon is moved in a horiZontal 
direction, to align the ?rst and second glass substrates 3 and 
6. 

Referring to FIG. 1C, the second glass substrate 6 is 
moved doWnWard until the second glass substrate 6 comes 
into contact With the liquid crystal 2 or the sealant 1. 
Referring to FIG. 1D, the table 4 With the ?rst glass substrate 
3 thereon is moved in a horiZontal direction to align the ?rst 
and second glass substrates 3 and 6. Referring to FIG. 1E, 
the second glass substrate 6 is moved further doWn until the 
gap betWeen the second glass substrate 6 and the ?rst glass 
substrate 3 becomes 5 pm. 
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Referring to FIG. 1F, the pre-bonded ?rst and second 
glass substrates 3 and 6 are taken out of the vacuum 
container ‘C’, and a UV ray is directed to the sealant, to set 
the sealant 1, thereby completing the fabrication process. 

However, the foregoing related art method for fabricating 
an LCD having the liquid crystal dropping method applied 
thereto has the folloWing problems. 

First, coating the sealant and dropping the liquid crystal 
on the same substrate requires much fabrication time before 
the tWo substrates can be bonded to each other. 

Second, as the seal is coated and the liquid crystal is 
dropped on the ?rst substrate While the second substrate sits 
idle, there is an unbalance of a fabrication process betWeen 
the ?rst and second substrates, resulting in an ineffective 
operation of the production line. 

Third, because the seal is coated and the liquid crystal is 
dropped on the ?rst substrate, the ?rst substrate With a coat 
of the sealant applied thereto can not be subjected to 
cleaning by a USC. Therefore, as the sealant that Will bond 
the tWo substrates should not be removed, undesirable 
particles also cannot be removed, Which may cause defective 
contact of the sealant in the bonding. 

Fourth, as siZe of the substrates increases, misalignment 
of the substrates may also increase during their an unloading 
process or another process after the substrates are bonded. 

Fifth, misalignment of the substrates may cause defective 
orientations of the liquid crystal due to liquid crystal ?oW 
betWeen substrates. 

Sixth, misalignment of the substrates may induce poor 
apertures. 

Seventh, defective orientations Within the liquid crystal 
may cause blots related to scratches and luminance varia 
tions. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a method 
for fabricating a liquid crystal display that substantially 
obviates one or more of the problems due to limitations and 
disadvantages of the related art. 
An advantage of the present invention is to provide a 

method for fabricating an LCD produced by a liquid crystal 
dropping method that may shorten fabrication time and 
maximize ef?ciency by improving productivity and reduc 
ing misalignment of the substrates Within the LCD. 

Additional features and advantages of the invention Will 
be set forth in the description Which folloWs, and in part Will 
be apparent from the description, or may be learned by 
practice of the invention. These and other advantages of the 
invention Will be realiZed and attained by the structure 
particularly pointed out in the Written description and claims 
hereof as Well as the appended draWings. 

To achieve these and other advantages, and in accordance 
With the purpose of the present invention, as embodied and 
broadly described, a method for fabricating a liquid crystal 
display includes the steps of: (a) loading a ?rst substrate and 
a second substrate having seals formed thereon on a bonding 
chamber; (b) bonding the ?rst and second substrates; (c) 
?xing the bonded ?rst and second substrates together; and 
(d) unloading the ?xed ?rst and second substrates. 
The seals may include a plurality of main seals for sealing 

liquid crystal that is dropped on each panel, a dummy seal 
for protecting the plurality of main seals, and ?xing seals for 
?xing the ?rst and the second substrates. 

The step of ?xing the bonded ?rst and second substrates 
may include a step of at least directing light, applying heat, 
or applying pressure, or a combination thereof, to any of the 
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4 
main, ?xing, and dummy seals. In the present aspect, the 
aforementioned seals may be partially ?xed. 

Accordingly, ?xing step may employ light in a poWer 
range of about 50500 mW may be directed for more than 
about 5 seconds and/ or heat at a temperature range of about 
5(k200° C. may be applied for more than about 10 seconds. 
The light may be directed, or the heat be applied, by moving 
a light directing pin, or a heating device, from an upper side 
of the bonding chamber to a loWer side of the bonding 
chamber or vice versa to thereby ?x the seals to the 
substrates. 
The ?xing seals may be formed in a periphery of one of 

the substrates and/or may be formed in regions betWeen 
panels that are to be cut apart. The main seals may be formed 
on the second substrate While the dummy seal may be 
formed on the ?rst substrate. The dummy seal may be 
formed so as to encompass the plurality of main seals. 
The step of ?xing the bonded ?rst and second substrates 

may further include the steps of coating an adhesive having 
a setting property better than that of the seals, to the second 
substrate in regions to be cut or in the periphery, and ?xing 
the bonded substrates using the adhesive. 

In another aspect of the present invention, a method for 
fabricating an LCD includes the steps of: (a) loading both a 
?rst substrate having main seals formed, and liquid crystal 
material dropped, thereon and to a second substrate having 
?xing seals formed thereon into a bonding chamber; (b) 
bonding the ?rst and second substrates; (c) setting the ?xing 
seals to ?x the ?rst and second substrates together; and (d) 
unloading the ?xed ?rst and second substrates. 

In further aspect of the present invention, a method for 
fabricating an LCD includes the steps of: (a) loading both a 
?rst substrate having main and ?xing seals formed, and 
liquid crystal material dropped, thereon and a second sub 
strate into a bonding chamber; (b) bonding the ?rst and 
second substrates; (c) setting the ?xing seals to ?x the ?rst 
and second substrates together; and (d) unloading the ?xed 
?rst and second substrates. 

In still further aspect of the present invention, a method 
for fabricating an LCD includes the steps of: (a) loading both 
a ?rst substrate having ?xing seals formed, and liquid crystal 
material dropped, thereon and a second substrate having 
main seals formed thereon into a bonding chamber; (b) 
bonding the ?rst and second substrates; (c) setting the ?xing 
seals to ?x the ?rst and second substrates together; and (d) 
unloading the ?xed ?rst and second substrates. 

It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWING 

The accompanying draWings, Which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a part of this speci?cation, illustrate 
embodiments of the invention and together With the descrip 
tion serve to explain the principles of the invention. 

In the draWings: 
FIGS. lAilF illustrate sections shoWing the steps of a 

related art method for fabricating an LCD having a liquid 
crystal dropping method applied thereto, schematically; 

FIGS. 2Ai2F schematically illustrate steps of a method 
for fabricating an LCD having a liquid crystal dropping 
method applied thereto in accordance With an embodiment 
of the present invention; 



US 7,365,822 B2 
5 

FIG. 3 illustrates the bonding steps in accordance With an 
embodiment of the present invention; 

FIG. 4 illustrates a seal layout pattern in accordance With 
a ?rst embodiment of the present invention; 

FIG. 5 illustrates a seal layout pattern in accordance With 
a second embodiment of the present invention; 

FIG. 6 illustrates a seal layout pattern in accordance With 
a third embodiment of the present invention; 

FIG. 7 illustrates a seal layout pattern in accordance With 
a fourth embodiment of the present invention; 

FIG. 8 illustrates a seal layout pattern in accordance With 
a ?fth embodiment of the present invention; 

FIG. 9 illustrates a seal layout pattern in accordance With 
a sixth embodiment of the present invention; and 

FIG. 10 illustrates a section across a line I*I' in FIG. 4 
showing upper and loWer stages and substrates. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

Reference Will noW be made in detail to embodiments of 
the present invention, examples of Which are illustrated in 
the accompanying draWings. 

FIGS. 2Ai2F schematically illustrate steps of a method 
for fabricating an LCD in accordance With an embodiment 
of the present invention. 

Referring to FIG. 2A, liquid crystal 12 may be applied to 
a ?rst glass substrate 11, and a seal 14 may be formed on a 
second glass substrate 13. A plurality of corresponding areas 
designated for panels may be provided in ?rst and second 
glass substrates 11 and 13, and thin ?lm transistor arrays 
may be formed on each of the panels Within the ?rst glass 
substrate 11 While color ?lter arrays, black matrix layers, a 
color ?lter layers, common electrodes, etc., may be formed 
on each of the panels of the second glass substrate 13. Liquid 
crystal material 12 may be applied onto the ?rst glass 
substrate 11 and a seal 14 may be coated onto the second 
glass substrate 13. Alternatively, the seal 14 may be coated 
on the ?rst glass substrate 11 and the liquid crystal material 
12 may be dropped on the second glass substrate 13 or both 
the liquid crystal material 12 and the seal 14 may be dropped 
and coated on either of the tWo glass substrates. In any case, 
hoWever, When placed into the vacuum bonding chamber to 
be bonded With another substrate, the glass substrate having 
the liquid crystal dropped thereon must be placed on a loWer 
stage, as Will be discussed in greater detail beloW. 

Referring noW to FIG. 3, a bonding process in accordance 
With an embodiment of the present invention may be 
explained. 

Generally, the bonding process includes steps of loading 
the tWo substrates into a vacuum bonding chamber, bonding 
the tWo substrates, setting the seal of the bonded substrates 
to ?x the bonded substrates together, and unloading the 
bonded tWo substrates from the vacuum bonding chamber. 

Before loading the ?rst and second substrates 11 and 13 
into the vacuum bonding chamber, a seal is formed on the 
second glass substrate 13. Subsequently, particles formed 
during various fabrication processes are removed from the 
second glass substrate in a USC (Ultra Sonic Cleaner). Since 
no liquid crystal applied onto the second glass substrate 13, 
coated by the seal, the second glass substrate 13 can be 
cleaned. 

Referring generally to FIG. 2B, the second glass substrate 
13 is held to an upper stage 15 in the vacuum bonding 
chamber 10, Wherein the seal 14 faces doWn (31S), and the 
?rst glass substrate 11 is held to a loWer stage 16 in the 
vacuum bonding chamber 10 (32S), Wherein the liquid 
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6 
crystal material 12 faces up. The vacuum bonding chamber 
10 is hereby in a standby state. 
More speci?cally, the second glass substrate 13 With the 

seal 14 facing doWn is held by a loader of a robot (not 
shoWn), and is brought into the vacuum bonding chamber 
10. The upper stage 15 in the vacuum bonding chamber 10 
is moved doWn to meet and hold the second glass substrate 
13, and is then moved back up. The second glass substrate 
13 may be held to the upper stage 15 With the use of a 
vacuum force or With an electrostatic force. 

Then, the loader is moved out of the vacuum bonding 
chamber 10 and places the ?rst glass substrate 11 over the 
loWer stage 16 in the vacuum bonding chamber 10. 

Next, the second glass substrate 13 is placed on a sub 
strate receiver (not shoWn) by placing the substrate receiver 
under the second glass substrate 13 and moving the upper 
stage doWn, or the substrate receiver up, or both, until the 
second glass substrate 13 contacts the substrate receiver 
(33S). After the second glass substrate 13 and the substrate 
receiver are brought into contact, the second glass substrate 
13 is held to the upper stage. 
The substrate receiver contacts an under side of the 

second glass substrate 13, to prevent the second glass 
substrate held to the upper stage from becoming detached 
from the upper stage due to a reduction in a vacuum force 
present Within the upper stage When a vacuum in the 
bonding chamber becomes higher than the vacuum force 
Within the upper and loWer stages. 

Accordingly, the second glass substrate 13, held to the 
upper stage, may be placed on the substrate receiver before 
or during the creation of a vacuum in the vacuum bonding 
chamber. Alternatively, the upper stage holding the second 
glass substrate and the substrate receiver may be brought to 
Within a predetermined distance of each other so that the 
second glass substrate 13 may be safely placed on the 
substrate receiver from the upper stage When the chamber is 
evacuated. Moreover, means for securing the substrates may 
be provided additionally as air How in the chamber, capable 
of shaking the substrates, may occur When evacuation of the 
vacuum bonding chamber is initiated (34S). 
The vacuum Within the vacuum bonding chamber 10 may 

have a pressure in a range of about l.0><l0_3 Pa to about lPa 
for IPS mode LCDs, and about l.l><l0_3 Pa to about 102 Pa 
for TN mode LCDs. 

Evacuation of the vacuum bonding chamber 10 may be 
carried out in tWo stages. After the substrates are held to their 
respective stages, a chamber door is closed and the vacuum 
chamber is evacuated a ?rst time. After positioning the 
substrate receiver under the upper stage and placing the 
substrate on the substrate receiver or after positioning the 
upper stage and the substrate receiver to Within the prede 
termined distance When the upper stage biases the substrate, 
the vacuum bonding chamber is evacuated for a second time. 
The second evacuation is faster than the ?rst evacuation. The 
vacuum force created by the ?rst evacuation is not higher 
than the vacuum force Within the upper stage. 

The aforementioned tWo stage evacuation process may 
prevent deformation or shaking of the substrates in the 
vacuum bonding chamber that conventionally occurs When 
the vacuum boning chamber is rapidly evacuated. 

Alternatively, evacuation of the bonding chamber may be 
carried out in a single stage. Accordingly, after the substrates 
are held to their respective stages and the chamber door is 
closed, the evacuation may be started and the substrate 
receiver may be brought to the underside of the upper stage 
during the evacuation. The substrate receiver must be 
brought to the underside of the upper stage before the 










